Semiconducting nanomaterials have attracted considerable interest in recent years due to their high sensitivity, selectivity, and fast response time. In addition, for portable applications, they have low power consumption, lightweight, simple in operation, a low maintenance cost. Furthermore, it is easy to manufacture microelectronic sensor structures with metallic oxide sensitive thin layers. The use of semiconducting metal oxides to develop highly sensitive chemiresistive sensing systems remains an important scientific challenge in the field of gas sensing. According to the sensing mechanisms of gas sensors, the overall sensor conductance is determined by surface reactions and the charge transfer processes between the adsorbed species and the sensing material. The primary goal of the present study is to explore the possibility of using semiconducting mixed metal oxide nanostructure as a potential sensor material for selective gases.
Introduction
he control of contaminated air sources is a current severe environmental problem, where recent significant global industrialization and modern human activities have led to the presence of an increased concentration of a wide range of toxic gases and organic pollutants in air and environment. The air pollutants can be divided into four significant categories (i) gaseous pollutants (e.g. CO, NO x ) and volatile organic compounds; (ii) persistent organic pollutants (e.g. dioxins), (iii) heavy metals such as Pb and Hg and (iv) particulate matter. Among these pollutants, many toxicological and epidemiological studies established adverse health effects of toxic gases in the air. Human exposed to high concentration of toxic air can deaden the sense of smells.
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Health effect also has often found in human longer exposed to the low-level concentration. Depending on the ppm level, the detected gas could cause hypesthesia, headache or even it blocks the transfer of oxygen to the blood cell in the human systems.
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The control of contamination in the air environment also becomes increasingly important because it leads to the depletion of ozone layer, global warming, and climate change. Therefore, the earlier detection and monitoring of these toxic gases and degradation of organic pollutants from the air and environment has received intense research.
A sensor is a device that receives a physical, chemical or biological signal and converts it into an electric signal that is compatible with electronic circuits. Another term with a meaning similar to a sensor is the transducer. Sometimes transducer is used as a synonym for a sensor. A sensor may be composed by a series of transducers responding in the end with an electrical output, in which case, given the above definition, the last transducer in the series could also be termed a sensor. Gas sensors will be defined as "a device which provides an electrical output in response to the change in partial pressure of a gas". In addition to the conductivity change of gas-sensing material, the detection of sensing reaction can be performed by measuring the changes in capacitance, work function, mass, optical characteristics or reaction energy released by the gas/solid interaction.
In order to improve environmental safety, there is a great interest and need to implementing sensing devices in carrying out the optimization of combustion reactions in the emerging transport industry, domestic as well as industrial and biological applications. For example, H 2 S gas is widely used in several industrial activities, and it is produced as a common by-product of more than 70 manufacturing processes.
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It is also typically released during the decay of the natural wastes. Besides, human bodies also produced the small amount of H 2 S and acted as a signalling molecule. For example, H 2 S is physiologically produced by cystathionine-β-lyase (CSE) and cystathionine-β-synthase (CBS), which is predominant, associated with the brain and vascular smooth muscle cells in the human body.
Therefore, monitoring and detection of low-level H 2 S concentration devices is a crucial important requirement in various fields. The CO 2 sensors are examples of devices that have found multiple uses; they are needed for indoor air quality operations as well as for incubators in food storage and processing. The T Review low-temperature sensing of CO plays an important role in solving the growing environmental problems stemming from CO emission from automobiles, and industrial processes, etc.
The application of SMO sensors for alcohol detection on the breath is an efficient way to aid police in apprehending drink driving offenders. 6 )
Ammonia (NH

3
) is one of the most commonly used substances in many chemical process industries, refrigeration systems and fertilizer factories, etc. Nevertheless, human exposure to higher concentrations, it can cause burns on the skin, eyes, throat, or lungs causing permanent blindness and lung disease.
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In addition, ammonia aerosols have a severe environmental pollution such as acid rain and photochemical smog. In order to control such emissions, it is necessary to develop rugged and reliable NO gas sensing devices that can be put on the various emitting sites are required. The hydrogen sensors are needed in the rocket propulsion industry as hydrogen propellant leaks pose significant safety risks. In addition, the automotive industry routinely monitors the air to fuel ratio in vehicles with oxygen sensors. The automotive industry also has interest in NO ) is a typical air pollutant, which causes environmental problems and arises principally from when fuel burns at high temperatures.
They can travel great distances from their emission source and result in ozone, smog, and particulate matter far from the actual source of pollution. In spite of many efforts are currently made to reduce NO x emission either by the optimization and control of the combustion reaction or by the modern ultra-lean burn engine system under newly developed NO x storage catalyst conditions. However, this new engine system requires a reliable high-performance NO x sensor to be installed at the points before and after the NO x storage catalyst in order to improve its efficiency.
Hydrocarbons are also a precursor to ground level ozone, and some types of hydrocarbons are known to be toxic and widely used as a common fuel for industrial and domestic purposes is potentially hazardous because of its explosive nature on account of leakage. Hence, it is necessary to develop suitable sensors for the detection of hydrocarbon. Therefore, detection of lowlevel toxic gas concentration is a crucial imperative requirement in various fields, such as industrial areas, the human body, and biological environment.
This increased demand has resulted in the accelerated development of new sensing materials and sensor technologies over the last decade. Developing gas sensors for harsh industrial environments is quite challenging because the sensors must be both highly sensitive and selective; i.e., in the presence of multiple oxidizing and reducing gases.
To determine these endogenous gases in the environment, spectroscopic, chromatography and their combination systems have worked most effectively. However, the operation of this system is a more complicated process, as it involves a multi-step protocol starting from sampling to the final determination. Furthermore, the high cost sophisticated spectroscopic and analytical chromatography systems hinder the monitoring and detection of the gases in various site. As an alternative to the advanced tool, the chemiresistive metal oxide based semiconductors have been widely investigated for gas sensing applications. Therefore, gas sensing properties of mixed metal oxide nanostructures assembled by nanoparticles are reviewed in this work. The attention will be focused on the possibility of using semiconducting mixed metal oxide nanopowder as a potential selective sensor material for various gases. 2. Oxide Materials for Gas Sensor 2.1. Semiconductor metal oxide based gas sensor Semiconductor metal oxide (SMO) based gas sensor devices play an important role in human health and environment safety. Over the years, extensive research and fabrication efforts have been carried out for the development of a single metal oxide semiconductor gas sensor. Among the SMOs used for gas sensors, Nb
, ZnO, CuO, NiO, and SnO 2 have been widely studied as the best gas sensing materials to detect reducing gases (such as H 2 , CO, hydrocarbon, and alcohol) as well as oxidizing gases (such as oxygen and NOx).
The sensitivity of gas sensors is directly proportional to the surface-area-to-volume ratio of the exposed sensing surface.
The principle of operation of these metal-oxide based gas sensor relies upon the change in electrical conductivity due to the interaction between the gases in the environment and oxygen in the grain boundaries.
n and p-type semiconductor based gas sensor
From the material point of view, sensor materials are classified as n-type or p-type, depending on whether they show an increase or decrease in electrical resistance when they are exposed to reducing or oxidizing test gases. (Referring as example to an n-type semiconductor oxide). 1 
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The resistance of the sensing layer with an n-type behavior decreases when the surface is exposed to electron-donating gases, such as CO or hydrocarbons. On the other hand, the resistance increases in the presence of electron-withdrawing gases such as NO 2 , even to values exceeding the detection limits of conventional circuitry. This resistance variation can be easily observed and used to detect chemical species in the ambient.
The most of n-type sensor materials such as SnO have been extensively used as an excellent catalyst to promote selective oxidation of various volatile organic compounds. In contrast, the gas sensor fabricated using p-type oxide semiconductors such as NiO, CuO, Co to date have received relatively little attention, and the related research to fabricate such gas sensor is still in the early stage of development. However, this sensor suffers from disadvantages owing to its selectivity for specific gases in a harsh environment and operating temperature. A selective sensor must be able to distinguish among the different gases or respond to only one of the gases in the mixture.
In short, low detection limit and fast response and recovery of the gas sensor materials should be further improved for successful operation. An additional temperature change could be caused by catalytic reactions, occurring at the metal oxide surface during interaction with gas.
Various studies have been performed to reduce the sensor operating temperature, including the doping of noble metals as a catalyst to reduce the operating temperature and improve the sensor life. In order to improve the gas selectivity of the metal oxide, intense research efforts have been devoted to pursuing new material that may be exploited for achieving high gas response characteristics of sensor devices. Recently, the latter has been improved by co-synthesis with other oxides, leading to thermally stable and highly sensitive nanoparticle layers. For some analytes, the selectivity is improved by the formation of specific crystal planes and phases that significantly facilitate the reliable detection of certain gases. Therefore, the alternative oxide structure is attracting significant research attention owing to its importance in practical applications.
Mixed metal oxide gas sensor
In recent years, mixed metal oxides nanostructures have received much attention for various technological applications in science and technology, since their functional metal oxidation states are crucial for determining the electronic, magnetic, and redox properties. The synthesis of suitably mixed metal oxides to carry out complex functions is one of the most important topics in the research field of sensors, catalysis, batteries, capacitors etc.
In these potential applications, the mixed metal oxide should exhibit features such as a suitable combination of a polyfunctional metal catalyst with textural properties (crystallinity, porosity, morphology, and defects structure). 2 
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It has been reported that various binary and ternary mixed metal oxide nanostructured systems exhibit a selective higher response to specific gases at low operating temperatures as compared to single metal oxide materials. Accordingly, perovskitetype (ABO 3 ) metal oxides, such as rare earth with one or more transition metals have been considered as suitable candidates for the selective detection of specific gases under a harsh environment and as a promising alternative to high-cost noble metals. 3. ABO 3 Rare-Earth Perovskite Gas Sensor
Rare-earth perovskite semiconductors denoted as ABO 3 (A = rare earth), where A stands for a lanthanide or an alkaline earth element and B represents a transition metal. These compounds are highly relevant chemical and physical properties for technological applications such as a gas sensor, electrodes for solid oxide fuel cells (SOFC), catalysts, among others.
In this structure, the A cation is a large rare earth, alkali, and alkaline earth cation, which fits into the dodecahedral interstices, and the B cation is a catalytically active 3d or 4d transition metal ion, which is 6-fold coordinated with the oxygen anions. The stability of the mixed oxidation states (B ) and unusual oxidation states of the perovskite offers significantly favored catalytic reactions. Its electrical property is related to the intrinsic oxygen deficiency, have been considered as suitable candidates for the selective detection of specific gases under a harsh environment and as a promising alternative to highcost noble metals. However, the synthesis conditions strongly influenced the structural characteristics as well as the catalytic activity of the ABO ) is more thermodynamically stable than the ABO
3
. Since past decades, several investigation groups have used number of preparative methods to obtain garnet-free perovskite-type materials.
Moreover, perovskite materials are generally synthesized via a solid-state method. Nevertheless, other chemical routes have been explored such as an aqueous solution method, sol-gel route, sol-precipitation process and glycine nitrate (G/N) plus EDTA route. These synthesis routes allowed obtaining products with homogeneity, high porosity and specific morphologies all of which to a great relevance due to its potential applications. and it also exhibits good oxidation and reduction properties over a wide range of temperatures, and can be used in several potential applications such as gas separators, sensor, catalysis, etc. These potential applications of the GdInO 3 materials depend mainly on the extent of structure, morphology, and controlled particle size. On the basis of gas sensing mechanism, redox reaction involves at the surface leading to a change in the depletion layer of the grains which in turn changes the electrical resistance of the sensor. The overall sensor conductance is determined by the surface reactions and the charge transfer processes between the adsorbed species and the semiconductor surface. Adsorption being a surface effect, surface area plays an important role in the sensing mechanism. Therefore, hierarchically nanostructured porous materials are promising candidates because their special structures are caused by particles of very small dimensions in comparison with the corresponding bulk counterparts. Because, nanosized materials large fraction of atoms is present at the surface and these atoms are greatly facilitated gas diffusion and mass transport on the sensor surface and enhance the gas sensing properties of semiconducting oxides. Besides high temperature solid-state preparation, perovskite nanocrystalline materials have been prepared using various simple solution-based chemical methods. Specifically, the hydrothermal approach has been considered as the most successful method to synthesize numerous versatile morphological nanostructures owing to its low reaction temperature and better control of physicochemical properties of nanostructured materials compared to other synthesis techniques. Therefore, we synthesized mesoporous hexagonal GdInO 3 -based semiconductor perovskite metal-oxide nanostructure using a single-step hydrothermal method with gadolinium nitrate and indium nitrate as precursors. The gas response characteristic of the prepared nanostructure is investigated with various combustible gases such as CO, gasoline, C nanostructure has been determined to be effective for the detection of CO at 150°C. In addition, the author also investigated the effects of interfering gases on the response properties of the mesoporous crystalline GdInO 3 as shown in Fig. 2 (e-g). The schematic of sensor element and setup used for the gas response studies is as shown in Fig. 2 . 
Reduced graphen oxide loaded GdInO
perovskite semiconductors
In order to enhance the gas sensitivity and reduce the operating temperature of perovskite metal-oxide based sensor, many modifications are commonly used such as loading with suitable additives, anionic doping, coupling, sensitization, and making defect from the modified synthesis process, etc. For this reason, we prepared reduced graphen oxide loaded GdInO . Reprinted with permission from reference.
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Fig . 2 . Schematic of the experimental setup used for gas sensor evaluation. Reprinted with permission from reference.
using a single-step hydrothermal method for Co gas sensing applications and the sensor was fabricated by coated nanocomposites on alumina subtract. The rGO/GdInO 3 nanocomposites exhibited a significantly higher sensing response to CO than the bare GdInO
3
, and fast dynamic curves of response and recovery were obtained even at 90°C (Fig. 3) , demonstrating that the rGO/GdInO 3 composite based sensor can detect low concentration CO rapidly at low temperatures. The enhanced sensing performance is mainly attributed to the catalytic effect of rGO to the oxidation of CO and strong interaction between the rGO and GdInO 3 materials. Moreover, the vacancies or small holes created in the thermally reduced GO provide more active sites for much stronger O 2 and CO adsorption than on the surface of the pure GdInO 3 materials.
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3.3. YMnO 3 perovskite semiconductor gas sensor Recently, the research on perovskite-type oxides as possible gas sensors has been extensive, due to the high thermal stability, catalytic activity and semiconductor behavior of the oxides. For example, RMnO 3 (R = Bi, Y, Gd-Lu) has been studied as sensing materials. Many perovskite-related oxides show large variations in oxygen non-stoichiometry and defect concentrations, and they, therefore, have rich redox chemistries with variable oxidation states of the metal cations at the B-sites in the ABO 3 structure. Furthermore, some structural features of perovskite-type oxides make them interesting material for investigation in gas sensors, electrodes for solid oxide fuel cells (SOFC), catalysts, and magnetic devices, among others. Importantly, the RMnO 3 (R = yttrium and rare-earth materials) oxide forms in two structural phases. The hexagonal phase (space group P63cm, Z=6) forms with R=Ho, Er, Tm, Yb, Lu, or Y, which have a small ionic radius, and the orthorhombic phase (space group Pnma, Z=4) for R=La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, or Dy, which possesses a larger ionic radius. Orthohombic phase shows only ferromagnetic ordering while hexagonal phase shows both ferromagnetic and ferroelectric ordering. Recently, the hexagonal YMnO 3 oxides are believed to be an excellent material, particularly for nonvolatile memory devices and MFS (Metal-FerroelectricsSemiconductor) devices because of their coupled magnetic and ferroelectric behavior. Such electromagnetic multiferroics which exhibit simultaneous ferroelectricity and magnetism can be exploited in both electrical and magnetic applications.
Therefore, in our previous work, we have prepared hexagonal YMnO 3 nanocrystalline powder via a novel citrate route. The hexagonal YMnO 3 nanocrystalline powder shows excellent gas sensing characteristics towards 20 ppm H 2 S gas at an operating temperature 100°C as shown in Fig. 4(a) . The selectivity of hexagonal YMnO , and LPG as shown in Fig. 4(b) . The better sensing properties exhibited by YMnO 3 could be attributed to their nanostructure with high a surface area, which can provide high reaction between H 2 S gas and sensor material. Furthermore, the pores and nanostructure can act as a channel for the diffusion of gas and provide more active sites. Additionally, the presence of the higher order hexagonal phase can be an additional aspect responsible for high sensitivity of the YMnO being absorbed on the surface of YMnO 3 , which eventually improves the oxidation of the exposed gas and getting shorter response time. Furthermore, manganese oxide can provide the basic surface for the YMnO ) that interact with each other and leads to a change in the electronic structure of the bulk nanocrystals and offer more advantage than single oxides for the sensitivity and selectivity detection of H 2 S gas. sensor as a function of time at optimum operating temperatures. Reprinted with permission from reference. 6 ) thermoelectric, piezoelectric, photo-refractive, and microwave dielectric applications.
Recently, several combinations that can be accomplished through A and B yield a great variety of AB 2 O 6 type composite oxides are promising sensing electrode alternatives due to their high thermal stability, excellent catalytic properties and ease of synthesis. It has been reported that the conventional ceramic route at high temperature is the common method of preparation of these compounds. Products obtained in this processes often have a wide particle size distribution and a wide particle size distribution. Nevertheless, other chemical routes have been explored, such as sol-gel method and wet-chemical method also require expensive niobates. Some reports of hydrothermal synthesis under mild conditions have been found, while most of the published studies were only concerned with the synthesis of alkali or alkaline-earthmetalniobates (Na Transition metal niobates, especially the cobalt niobates have attracted many scientists due to their fascinating and well-defined structure and intrinsic properties. The transition metal oxides depicting p-type nature and with d n (n varying between 1 and 9) configuration (i.e. oxides of Cr, Co, Fe, etc.) are easily susceptible to oxidation as well as reduction. 4 
Further, the high mobility of oxygen and stabilization of unusual oxidation states in their structure are believed to successfully employ for gas sensing application. However, some researchers have reported the magnetic properties of CoNb
, but a sensing application on this material has not been reported. The first time we reported synthesis and characterization of CoNb 
The sensitivity of the CoNb 
NH
3 gas sensor based on vanadium-based material
Various sensing materials such as transition metal compounds and conducting polymers have been extensively studied for NH 3 gas sensor applications, among which vanadium oxide based material results from a number of different interrelated electronic and structural factors. These compounds have partially filled d-orbitals which are responsible for a wide variety of electronic, magnetic and catalytic properties. 4 9 )
The phase diagram shows that vanadium atoms exist in different formal oxidation states, which vary from two to five. The easy conversion between oxides of different stoichiometry and formation of oxygen vacancies enables the oxide to function as a catalyst for selective oxidation. For gas-sensing applications, a vanadium-based material is a promising choice due to its high catalytic application, environmentally benign nature and low cost. This means that the observed changes of the electrical resistance are probably due to the changes of valence state of catalytically active components of the sensor material. ) have received much attention owing to their unique properties such as ferroelectrics and anti-ferroelectrics with the stibiotantalite structure which consists of layer of vertex sharing, distorted BO 6 octahedral parallel to the (001) plane of the orthorhombic unit cell. Moreover, they possess excellent piezoelectric, pyroelectric and electro-optic properties at room temperature. Very recently; our group reported a series of porous ABO 4 structure-based nanoparticles that were synthesized for use in NH 3 , ethanol, and LPG gas sensing applications. compound, bismuth-based microwave dielectric ceramic has stimulated great research interest owing to its unique structural, electrical properties and promising applications in the field of multilayer capacitor. From the viewpoint of gas sensors, BiNbO 4 could be considered as promising candidate for future developments of sensing materials. According to the sensing mechanisms of gas sensors, the overall sensor conductance is determined by surface reactions and the charge transfer processes between the adsorbed species and the sensing material.
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With the progress of gas sensing research, it has been found that porous structure with a high specific surface area and surface accessibility can significantly improve the gas sensing properties. Therefore, we reported the NH 3 sensing behavior of the novel BiNbO 4 nanopowder.
The obtained BiNbO 4 nanopowder SEM morphology is shown in Fig. 7(a) for H 2 S (54%), ethanol (46%) and LPG (40%) sensing is found to be 300, 250 and 225°C, respectively (Fig. 7(b) ). The gas sensing response of BiNbO Fig. 7(c) . The sensor response is remarkably high when exposed NH . While the sensor response is low when exposed to comparable concentration of interfering gases such as H 2 S, ethanol and LPG, this indicates clearly a selective response of the sensor towards ammonia. This selective response was owing to the complete oxidization of NH gas is around 38%, 70% and 87%, respectively. It can be seen that NH 3 gas attained maximum response within 16 s and their recovery time was less than 17 s (Fig. 7(d) ). The fast response, as well as recovery of the above discussed sensor, can be attributed to the large surface area and high porosity of the prepared sensor material. The improved selectivity obtained with this BiNbO 4 sensor makes it a valuable tool in the determination of NH 3 gas.
S-305°C, ethanol-250°C, LPG-225°C) is shown in
LPG gas sensor based on LaNbO
is an excellent ceramic oxide having high thermal and mechanical stability. It exhibits polymorphism viz. monoclinic and tetragonal phases. is used in solid oxide fuel cells, hydrogen sensors etc., because of its enhanced physical and chemical properties. In the field of gas-sensing materials, LaNbO 4 could be considered as a potential candidate for future developments of sensing materials. Therefore, we reported the first time for LPG, NH The gas response characteristics of the LaNbO 4 based sensor has been studied by measuring the resistance of the sensor material in air and then in a reducing gas environment. C, the highest gas sensitivity for LPG was 80%, while other gases gave 59% for ammonia and 22% for ethanol gas at 250 o C. When exposed to reducing gases like liquid petroleum gas (LPG) ammonia (NH showed the highest response for LPG at an operating temperature of 250°C. This may be attributed to the availability of sufficient adsorbed ionic species of oxygen on the sensor surface which reacts most efficiently with LPG molecules at this particular temperature. Beyond the optimum temperature, desorption of all oxygen ionic species occurs causing a decrease in sensitivity. The temperature plays an important role in the charge carrier concentration and the Debye length. This may be one of the reasons for the decrease in sensitivity of the LaNbO 4 sensor at higher temperature. Fig. 9(d) . depicts the response and recovery curves to 500 ppm LPG and NH This can also be used as a key precursor for the ferroelectric perovskite, lead indium niobate, Pb(In
, for actuator, transducer and ultrasonic motor applications. Indium niobate based materials were prepared by solid-state reactions of In at high calcination temperatures. However, this preparation process had several disadvantages such as controlling the component homogeneity, crystal size, stoichiometric ratio, and formation of un-desirable phases. Therefore, we prepared monoclinic InNbO 4 nanopowder using a low temperature niobium citrate complex process. 6 
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This process yielded reactive powder with high purity, higher surface areas, fine particle size, high degree of crystallinity, and low temperature sinterability, compared to the powder prepared by conventional solid state reaction method. In addition, as the reactants are mixed in an aqueous solution, this method enabled to produce a good chemical homogeneity of the system. The gas sensing properties of the InNbO 4 nanopowder had been studied for different gases such as liquid petroleum gas (LPG), ammonia (NH family which has recently gained considerable attention, because of its interesting physical and chemical properties such as polymorph, magnetic and electrochemical properties due to its ionic and electronic defects. In addition, the phase relationship and dielectric properties indicated that to possess sensing activity. In general, this compound is synthesized by the conventional ceramic route, in which appropriate amount of metal oxide are mixed, and then the mixture is heated for a long period at high temperatures. This preparation process has led to uncontrollable grain growth and non-stoichiometry problem due to volatilization of the constituent components at high temperature, which results in a decrease in the gas sensitivity of the obtained material to a great extent. Therefore, it is necessary to develop nanosized CrNbO 4 for gas sensor applications. We reported the synthesis of CrNbO 4 nanopowder by niobiumcitrate complex process. The TEM result in Fig. 11 (a) showed the average particle size of CrNbO 4 is 25 nm. The gas sensing properties of CrNbO 4 nanopowder to three typical reducing gases were tested (Fig. 11(b) -(d) ). The results indicated that the sensors had high responses to LPG and ethanol at 325°C and 300°C, respectively. The response time of LPG, ethanol and NH3 were about 9, 19, 35 s, respectively.
AlNbO
4 material based gas sensor Due to its enhanced sensitivity, the development of semiconductor metal oxide sensors is of continued interest. Niobium based binary metal oxides such as AlNbO 4 is being studied extensively, exhibit interesting structural, chemical electrical and optical properties. Therefore, in the previous investigation, we report the synthesis of AlNbO nanopowder by niobium-citrate complex process. The gas response properties of prepared AlNbO 4 nanopowder based sensor were studied by measuring the resistance of the sensor in air and in the reducing gas environment. SEM and TEM microstructure of AlNbO 4 in Fig. 12(a-b) shows the porous nature of the surface and the average size of the rectangle shaped nanoparticles was 30 nm in width and 60 nm in length, respectively. The gas sensing properties of AlNbO 4 based sensor was examined at the temperatures in the range of 50 -350°C as shown in Fig. 12(c) . AlNbO 4 nanopowder had n-type behaviour and good response towards ethanol compared to the other two reducing gases (LPG and NH
3
) at an operating temperature of 250°C. This sensor is very promising for selective ethanol detection in the low ppm range, with a response time in second range as shown in Fig. 12(d) .
FeNbO
4 material based gas sensor Semiconductor mixed metal oxide is one of the most interesting materials for gas sensing applications. In particular, mesoporous mixed oxide materials have been extensively investigated in the last two decades because of their uniform pore sizes, tuneable pore structures, ease of functionalization and large surface areas. Beyond the most-investigated silica and carbon based materials, metal oxides have attracted considerable interest due to their more diverse electronic functionality. Recently, FeNbO 4 composite oxide was found to be more effective in terms of better sensitivity and selectivity to reducing gases. In addition, FeNbO 4 semiconducting oxides have been studied extensively for a variety of applications. These include photo anode materials with potential applications in the conversion of solar energy and gas sensors. Moreover, they are well known as the key precursor for successful preparation of single phase perovskite Pb(Fe
, which is important for multilayer ceramic capacitor applications. FeNbO Therefore, we reported for the first time ethanol gas sensing phenomena observed in mesoporous nanocrystalline FeNbO
4
, prepared by the niobium-citrate complex process.
Products obtained in this way are generally more homogenous, have higher surface area and finer particle size. Most importantly, it exhibits mesoporosity, higher degree of crystallinity and purity along with lower temperature sinterability than that of powders prepared by conventional methods. These properties enhance ethanol sensing of FeNbO 4 prepared by niobium-citrate complex process. The SEM results ( Fig. 13(a) ) showed that the sample consists spherical particles with uniform grain size distribution. The sensitivity results (as shown in Fig. 13(b) -(d) ) revealed that FeNbO surface and promote the sensitivity of the material to ethanol vapor in a very selective way. However, the rate of the surface reaction is in proportion to the number of available adsorption sites on the outer surface of the sensing mate- rial. Hence, high surface area, high surface atomic activity, smaller grain size, lower activation energy and mesoporous structure of the FeNbO 4 can greatly enhance the number of the adsorption sites. Additionally, niobium oxides possess a vast reservoir of mobile lattice oxygen, which is capable of increasing active selective sites during gas adsorption and enchaining the response towards ethanol.
Metal Oxide Composites for Gas Sensor
Recently, accelerated developments in nanotechnology and the extension of new nanostructured material syntheses have been improving the performance and utilization of semiconductor materials in sensing applications. Beyond the most investigated functional nanomaterial, p-type nickel oxide (NiO) was found to possess gas sensing activity. However, to enhance gas sensitivity and selectivity, various additive based composites have been used. These additives could act as promoters, catalysts, surface sites for adsorption of oxygen and gases to be detected by promoting the improvement of porosity of the gas sensing matrix. Earlier works revealed that a few noble metals or transition metals (namely Pt, Ru, Fe, Mn, Ni, Al, Cr, Co, Bi, etc) additive based composites significantly affected both electrophysical and gas sensing characteristics of metal oxides. In particular, NiO always contains defects; it is thermodynamically stable only if it contains defects. 7 2 )
The charge of the missing metal ions is compensated by holes on adjacent oxygen atoms. It has attracted considerable interest due to its wide range of practical applications, including dye-sensitized photocathodes, smart windows, super-capacitors, antimicrobial activity, catalysts and fuel cell electrodes. However, the sensor performance of NiO depends on the number of free electrons in the outermost shells, which is greatly influenced by the change in resistance of the sensor. NiO, having in this form the Ni ) is filled, with one free electron in a doubly degenerate (e g ) state; these free electrons facilitate the electron transport mechanism. Therefore, NiO has been widely used as the material for many gases sensing reactions. 
PdO-loaded NiO heteromixtures for gas sensing application
To improve the H 2 S sensing characteristics of the wide band gap (3.83 eV) semiconductor NiO, various modification methods have been commonly employed. Among the modification method, the formation of narrow (PdO 1.08 eV) and wider band gap (NiO 3.83 eV) heterojunctions could facilitate the electron-hole separation and enhance the interfacial charge transfer efficiency between donor and acceptor states, which help to improve the sensing characteristics. For this reason, we synthesized NiO and different wt.% PdO-loaded NiO heteromixtures for gas sensing application by using a simple metal-citrate complex technique. Gas sensing performances, the experimental results indicated that the 5 wt.% PdO-doped NiO nanopowder based sensor exhibited a high response and repeatability towards 100 ppm H 2 S (95%) at a relatively low temperature of 60°C. It also was found that the 5 wt.% PdO-doped NiO heteromixture based sensor was more selective and had a faster response to H 2 S than to other interfering gases.
La-loaded ZnO composites for gas sensing application
To meet the increasing demand for CO Among the various semiconductor metal oxides, nanostructed (high surface/volume ratio), wide-band-gap (3.4 eV) ZnO has attracted significant attention because of its unique electronic, optical, and magnetic properties, which make it useful in a wide range of technological applications such as hydrogen storage, 8 1 ) piezoelectric devices, 8 2 ) batteries,
and gas sensors. Moreover, in gas sensing, a metal oxide requires a catalyst to be depos- ited on the sensor surface to accelerate the reaction and increase the sensitivity In particular, La can act as the catalyst and modify the electrical properties of base materials and sensor characteristics. The performance of ZnO in response to CO 2 is greatly improved by the addition of La.
The better performance is due to the p-n junction between n-type (ZnO) and p-type (La
) materials. Moreover, La (117 pm) has a greater ionic radius than Zn (88 pm); hence, it can be loaded into the pure structure of ZnO to create large lattice distortion. Furthermore, metal oxides contain acid/base surface sites, which control the adsorption and desorption properties of the gas molecules. The basic surface sites of La can enhance the adsorption of acidic CO Among the various synthesis methods, the hydrothermal approach has been widely adopted because it is a simple, high-yield, and more controllable process that offers higher surface areas and low-temperature sinterability of the synthesized material compared to powders prepared by the previously mentioned methods. In previous research, pure ZnO and La-loaded ZnO gas sensor materials were synthesized by a simple hydrothermal method. SEM image of the pure ZnO and 50 at% Laloaded ZnO nanopowders revealed interesting morphologi- cal characteristics as shown in Fig. 14(a-f) . The prepared materials were utilized as CO 2 gas sensing analysis, and the results indicated that the pure ZnO nanopowder to 5000 ppm of CO 2 was 11% at 400°C, as shown in Fig. 15(a) . Fig.  15(b) and (c) clearly show that the CO 2 response of 1 and 4 at% La-loaded ZnO were 14.7 and 20%, which are higher than the response of pure ZnO at the same operating temperature of 400°C. The results indicate that the dopant (La) effectively influenced the sensing properties of the ZnO material. The CO 2 response of the ZnO was markedly increased (37%) for 10 at% La loaded ZnO based sensor at operating temperature of 400°C as shown in the Fig. 16(a) . Furthermore, a systematic investigation of variation in sensor response as a function of gas concentration was carried out, as shown in in Fig. 16(b) . To further enhance the CO 2 response, we attempted to increase the La concentration, leading to a gradual enhancement of the CO 2 response that reached a maximum response (65%) after loading around 50 at% La in ZnO at an operating temperature of 400°C, as shown in Fig. 16(c-d) . The enhanced performance is attributed to the large lattice distortion and the concerted effect between the Zn and La-active materials is a key factor in improving the CO 2 adsorption and reactivity on the surface. The proposed material is very promising for CO 2 monitoring environment due to their high sensitivities and short response time.
Sensing mechanism for mixed metal oxides
Bimetallic systems are of great interest in the design of new materials with industrial applications in the areas of catalysis, electrochemistry and microelectronics. Suitably designed bimetallic catalysts utilize the beneficial effect of the interaction between the two metals for the enhancement of both catalytic activities. It is well-known that response properties and selectivity depend on the nature of active sites the in structure of the sensor surface. Both base and acid sites can contribute to the adjustment of sensor properties. Moreover, the surface acidity of metal oxides can play an important role the in selective sensing of gases. Mixed metal oxide surfaces are expected to exhibit modified chemical properties compared to pure metal surfaces. The response behavior of the selective sensing of gas could be correlated closely to the surface redox ability of mixed metal oxide catalysts.
The semiconductor gas sensing mechanism of mixed metal oxide is based on the reactions between the surface of the material and the interaction of gas molecules, which causes a change in the material resistance due to a charge transfer between the adsorbates and the adsorbent. Normally, the mobile lattice oxygen acts as the selective site in gas adsorption. The partially reduced metal ion (M + ) to possess vast reservoir of oxygen generates highly mobile charge carriers. Jerzy Haber 9 2 ) reported that at temperatures lower than 140 was the most interesting process in sensors, because these oxygen ions were more reactive and thus made the material more sensitive to the presence of reducing gases. When the sensor material was exposed to gases, the superficial reactions of with the oxygen species caused more electrons to return to the conduction band (depending on nature of gas; donor/acceptor of electrons); the electrons injected into the surface recombined with some of the holes, thus reducing the concentration of the charge carriers and increasing the resistance of the p-type sensor materials. Therefore, the improved ionosorption of oxygen species due to the spill over effect will promote the enhanced response of the sensor to the reducing gases. Sensor materials are classified as n-type or p-type, depending on whether they show an increase or decrease in electrical conduction, when they are exposed to oxidizing or reducing test gas. Here, we briefly introduce to the sensing mechanism of p-type mixed metal oxides in NH . The surface reactions between the oxygen and the sensor material can be described as follows: 
The typical sensing mechanism of p-type semiconducting sensor is shown in Fig. 17 . When the sensor surface are exposed to air, oxygen molecules will adsorb on the surface of sensor and form O − ions by capturing electrons from the conduction band. This leads to the formation of a charge accumulation layer at the shell by the following reaction and as seen in the energy level diagram shown in Fig. 17(a) . The equivalent band diagram is represented as an upward band bending, see Fig. 17(a) . When the sensor grains are exposed to the reducing gas (NH The charge carrier accumulation layer near the surface is thinned by the electrochemical interaction between O − (ads) and reducing gases, which in turn increases the sensor resistance. Upon exposure to a reducing gas, the density of p-type charge carriers (positive holes) would decrease due to the surface adsorption and chemical reaction between the gas and the oxygen adsorbates (electron acceptor), which is represented in terms of the lowering of upward band bending ( Fig. 17(b) ), which is the opposite to that seen with the n-type semiconductor gas sensors. Furthermore, NiV , there will be also the mixed sites Ni Here the presence of vanadium atom seems to stabilize the catalyst structure against oxidation as well as reduction and to permit a very strongly oxidized/reduced sensing material. This leads to easy recovery of the original state of the sensing material. This means that the observed changes of the electrical resistance are probably due to the changes of valence state of catalytically active components of the sensor material. The role of the Nickel in enhancing the sensitivity and response rate of the sensor element could be due to the increase the acid sites, which catalyses the oxidation of NH 
Conclusions
In summary, the gas sensing process is strongly related to the surface reactions. Different metal oxide based materials have different reaction activation to the target gases. Mixed metal oxides usually show better gas response than the single component if the catalytic actions of the mixed metal complement each other. Transitions metal or noble metal additives with high-effective oxidation catalytic activity can be used to enhance the sensitivity of pure metal oxides due to the "spillover effect". Moreover, a good catalyst supporting materials are also a pivotal point to determine a selective response of various gases. So, the structure of metal oxide layers is very important. The sensing mechanism is based on the surface reaction of the particles with the exposed gas by adsorption and desorption mechanism. The adsorption being a surface effect, surface area plays an important role in the sensing mechanism. The High surface areas are necessary to obtain highly-dispersed catalyst particles. In the nanosized materials, a large fraction of the atoms are present at the surface, Therefore, nanostructure with porosity seems to be the standard structure of sensor materials and are enhance the gas-sensing properties of mixed metal oxides semiconductor. 
